I N the past few years the basic constitution of several ribonucleic acids has been established 1 -4, but so far there has been little evidence as to the way in which the constituent nucleotides are arranged in the molecules. Hydrolysis of ribonucleic acids by alkali and by cold dilute acids gives rise to isomeric nucleotides which are probably 2' and 3' nucleoside phosphates 6 -7 , and Cohn and Volkin• have recently also identified 5' nucleoside phosphates in ribonucleic acids digested successively with both ribonuclease .and alkaline phosphatase. In the work which we . propose to describe, we have attempted to isolate the larger fragments produced by ribonuclease action, .and we have succeeded in establishing the structure -of certain of the dinucleotides which were formed.
Anhydrides of the Pyrimidine Nucleotides
In our investigation of the products of digestion of ribonucleic acids, our attention was drawn at once to the presence of two substances which we have called C and U •. These substances are digested slowly by ribonuclease to give free cytidylic and uridylic acids respectively, and each contains one atom of phosphorus per pyrimidine residue. They differ from the nucleotides in that they have higher RF values in 70 per cent v/v isopropanol-waterammonia (solvent a), and lower Rp values in 80 per cent saturated ammonium sulphate in water, 2 per cent isopropanol, 18 per cent M sodium acetate (v/v/v) (solvent b). These properties led us to believe that they contained less free hydrophylic groups than exist in the corresponding nucleotides, possibly because they were dinucleotides or dinucleoside pyrophosphates. When we were doing this work, we were fortunate in having a discussion with Prof. A. R. Todd and Dr. D. M. Brown, and they were kind enough to disclose their theory of the formation of the isomeric nucleotides of Carter and Cohn. This theory 7 necessitates the existence as intermediates during the chemical hydrolysis of ribonucleic acids of cyclic anhydrides of the nucleotides, which have the phosphoric acid residue esterifying the ribose at positions 2' and 3'. Such substances would have the properties of our C and U, and, in addition, would have the same electrophoretic mobilities as the corresponding nucleotides at pH 3·5, as do O and U, while, as we will show, the electrophoretic mobility of a dinucleotide should be about l ·54 times that of a mononucleotide having the same constituents. Synthetic samples of the anhydrides of cytidylic and uridylic acids prepared by Mr. D. Magrath were chromatographed by us in several solvent systems and could not be distinguished from O and U in any of these, while they too were digested slowly by ribonuclease to give the free nucleotides. It seems very likely that O and U are the 2', 3' anhydrides of cytidylic and uridylic acids respectively. The analogous adenine derivative was not digested by ribonuclease, and it seems probable that the guanine derivative is also resistant to digestion.
Free Nucleotides and Polynucleotides
For preparing these substances we have digested purified yeast ribonucleic acids with ribonuclease in dialysis sacs at 20° and also at 4° with stirring, so that any fragments liberated should have a chance to escape further digestion. After concentration in vacuo, the dialysate has been chromatographed in solvent a on Whatman No. 3 paper in bands. The developed chromatograph shows a residue at the top (band 0) and six main bands numbered 1-6 in order of their Rp values. Band 6 contains C and U only. Bands 1, 2 and 3 contain compounds of all four bases, while bands 4 and 5 have no guanine derivatives. Band 4 contains only adenylic acids a and b, cytidylic and uridylic acids. Free guanylic acids a and b are found in band 2. Bands 3 and 5 contain substances having properties similar to O and U ; that is, they are digested by ribonuclease to give substances running faster in solvent b ana. slower in solvent a, but without changing their gross analytical composition. The analyses, however, show that each band contains several substances, as the purine and pyrimidine bases are not present in simple proportions.
Electrophoretic Separation
After trying without success a number of solvent systems for separating the substances in each band, we decided to try electrophoresis on filter paper strips, immersing the wet filter paper in carbon tetrachloride to cool it and to prevent evaporation: Strips of Whatman No. 3 paper 56 cm. long and 8 cm. wide were used, and the material was applied about 12 cm. from one end. A voltage gradient of 20-25 V./cm. was used and the average run was two hours (Fig. 1) .
Before attempting the separation, we calculated the probable relative electrophoretic mobilities of all mono-, di-, and some tri-nucleotides at several pH values, using the dissociation constants of Levene and Simms 10 , assuming that the mobilities were proportional to the net charge on the molecule, and inversely proportional to the cube root of the molecular volumes, a relationship which should hold to a close approximation in the case of such asymmetrical molecules, and which has been found to hold with some minor deviations in pract.ice. The
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order of movement that we calculated for pH 3·5 (M/20 ammonium formate buffer)~the value whic;:h we selected as optimum for our purposes -is shown in the accompanying table. At this pH the mobility is decided entirely by the primary phosphoric acid -OH-groups and the -NH 2 + groups of the bases, and therefore anhydrides of the type of O and U and their derivatives will move at approximately the same speed as the corresponding nucleotides and their derivatives. On electrophoresis, bands 1, 2, 3 and 5 are each found to contain at least three or four major constituents, most of which have been identified provisionally, while several of these substances have been submitted to analysis and have been found to have simple compositions. Among the latter are the dinucleotides of adenine and guanine, adenine and cytosine, guanine and uracil, and guanine and cytosine. These substances are found in bands 1 and 2 and are not attacked by ribonuclease ; but there are also substances having the same composition with regard to the bases as the last three of these dinucleotides, but occurring in bands 3 and 5. The latter are digested by ribonuclease to give the dinucleotides only. As an example of this we can take the guanine-uracil dinucleotide of band 1. This substance can be isolated in a pure state from band 1 by electrophoresis, and is the fa&test moving component of this band, having a gross mobility of l·l x 10-• cm. 2 sec.-1 volt-1 • In band 3 there is a substance which also has one equivalent of guanine to one of uracil and has a mobility of l ·3 X 10-• cm.• sec·.-1 volt-1 (this differenc(:l is not significant), The substance from band 3 is converted into the Similarly, the adenine-cytosine dinucleotide of· band 5 is converted by ribonuclease to that in band 2, as is the adenineuracil dinucleotide of band 5 ; and all these digestions also cause the resulting dinucleotides to have higher Rp values in solvent b. Now these properties parallel exactly the behaviour of the pyritnidine nucleotide 2', 3' anhydrides, so it would seem that the dinucleotides of bands 3 and 5 contain the latter joined at position 5' as one half of the molecule.
The purine nucleotides derived from these dinucleotides by alkaline hydrolysis are of the 2' and 3' types and the dinucleotides do not react with periodate, so that the internucleotide link must be of the 3' (or 2'), 5' type. The only likely formula for the guanine-uracil dinucleotide anhydride is given in Fig. 2 (it being understood that at the moment it is not possible to distinguish between a 2' and a 3' nucleotide residue in such a compound, as hydrolysis invariably results in the formation of roughly equal amounts of the 2' and 3' nucleotides).
Discussion
It will be seen from these results that a large number of the internucleotide linkages in yeast ribonucleic acid are of the 3' (or 2'), 5' type and also that some at least of the alkali labile bonds of ribonucleic acid are situated at the 5' sugar carbon atoms. From this it would appear that the linkages broken by ribonuclease are similar to those broken by alkali, with the important exception that ribonuclease distinguishes between purine and pyrimidine nucleotides. We have found that, by cautious alkaline hydrolysis of ribonucleic acids, using barium carbonate at 100°, corresponding to a pH of just over 9, the anhydrides of the pyrimidine nucleotides are released, showing the analogy of the action of alkali and. ribonuclease.
The general nature of the products of ribonuclease digestion suggests that, as in alkaline hydrolysis, it
